In this study, methyl ester was produced from waste grape pulp sources. 
Introduction
Oil based fuels are used in diesel engines which have a broad spectrum of application. In parallel to the increase in world population and technological developments, fields that obtain their energy requirements from diesel engines will be negatively affected in case oil fields are be able to meet the demand and the oil prices rise. In addition, exhaust fumes that are released as a result of combusting oil based fuel in diesel engines cause pollution that are bordering on the acceptable limits. For these reasons, it is necessary that the oil-based consumption is decreased, and in order to decrease the emissions from these engines, an alternative fuel is required.The fuel used in diesel engines should be economical, renewable, environmentally friendly, and have a quality that is easily obtained. In recent years, vegetable, animal and chemical oils with different properties have been produced for biodiesel. Biodiesel can be used in diesel engines with few or no modifications. Even though they give out better emissions compared to standard diesel fuel, some negative factors (higher viscosity, high freezing point, poor atomization and low thermal value) that affect the engine performance were observed in the conducted studies when biodiesel mixtures are used directly in the diesel engine [1] .
Biodiesel can be mixed into the diesel fuel in different ratios.With these studies, the aforementioned problems were solved, but it was stressed that as the combustion yield was low, fuel consumption and exhaust emission values should be improved [2] . It was also seen that depending on the amount of biodiesel added to the standard diesel fuel the freezing point increases. This is related to the performance decrease of engines that use biodiesel; in fact, it may also cause the engine to stop working. Under these circumstances, using an additive in engines that use biodiesel is inevitable. A number of studies were conducted to find solutions to the problem mentioned above. In the conducted studies, additives such as cerium (Ce), cerium-iron (Ce-Fe), platinum (Pt), platinum-cerium (Pt-Ce), iron (Fe), molybdenum (Mo), manganese (Mn), nickel (Ni) and magnesium (Mg) were added to the biodiesel containing fuel [3] [4] [5] In the work, we intend to produce methyl ester from the waste grape seed oil at optimized conditions and improve the fuel's properties with manganese additive, as a novel process. Diesel fuel and blend of waste grape seed methyl ester doped magnesium additive with diesel fuel (50%) were tested in a direct injection diesel engine at different load conditions. Additionally, in the scope of this study, dodecanol, propylene glycol additives were added to fuel B50 to improve the emission and engine performance values.
Materials and Methods

Test fuel
Grape is the raw material for vinegar, wine and fruit juice. In these fields, after the grape juice is obtained, the seed and pulp is considered to be waste. The seed, which is now idle, can be processed in a screw press to separate the oil and the pulp. Recently, the grape pulp oil that is obtained as a result of this process has found use in the pharmaceutical field, but when the total reserve is considered, it has sufficient capacity to be considered as an alternative in biodiesel.Although biodiesel can be produced by every oil type that is used in households, obtaining the required quality and yield is related to the property of the oil. In order to obtain high quality biodiesel production, the reaction type that is to be carried out must be determined first. It is based on significantly the free fatty acid ratio of the oil that is to be used. Before the biodiesel production process was designed, the free fatty acid ratio was obtained in this study. The results of the chemical analysis in terms of stearic and oleic acid are given in Table 1 . Based on the analysis results, the most appropriate method is determined as base catalyzed transesterification. Table 1 . Free fatty acid rates in terms of stearic and oleic acid. 1000 ml waste grape seed oil was mixed in a three dimensional flask, using a magnetic stirrer at 500 rpm and 60ºC. Methanol was added to another magnetic stirrer such that it was 20% of the oil used (200 ml) and sodium hydroxide salt (NaOH) was also added in an amount that is 0.4% of the oil used. The mixture was mixed until the NaOH salts were dissolved completely. After NaOH was dissolved completely in methanol, the solution was gradually added to the grape seed oil that is being stirred at 60 ºC. The transesterification reaction was carried out in a condenser system for 2 hours. After the product taken its final form, it was filtered and stored. The physical and chemical properties of the obtained biodiesel are given in Table 2 . The biodiesel that has been obtained as a result of chemical processes is mixed with SHELL brand biodiesel in 20%, 35%, 50%, 75%, and 100% in volume to prepare the samples. Whereas for the samples that contain additives, 1 lt (50%) diesel fuel was mixed with 1 lt (50%) biodiesel, and 20 ml (1%) dodecanol, 100 ml (5%) propylene glycol and different dosages of Mn (20-40-60 μmol/lt) were added. The goal to add additives to fuel samples is to obtain the optimal physical and chemical properties.
Since there was no metal-based study with the produced waste grape oil methyl ester, the study was carried out in a wide range.
Engine test apparatus and method
The experimental study was realized in a Genpower brand diesel generator. During the study, no modifications were done on the engine, generator or on any other component. The fuel samples were tested under the same conditions. The technical properties of the diesel engine are given in Table 3 . The engine test setup is shown in Figure 1 . In the experiments, a synchronous generator with the maximum active power of 12.5 kW was used to start the engine. The engine worked with standard fuel without load for period of time, and when the engine reached the optimal temperature, 4 different load levels of 2.5 kW (20%) -5 kW (40%) -7.5 kW (60%) -10 kW (80%) were applied on the engine. This procedure was repeated twice and the averages of the values were calculated. In the different loads, the specific fuel consumption (gr/kWh), HC (ppm), CO (%), exhaust temperature ( o C) and smoke values were measured.
The evaluation of performance, combustion characteristics and exhaust emissions
The SFC value of biodiesel was compared with that of diesel. When biodiesel was compared with diesel, it was seen that there was an increase of 5% with B20 fuel, 9.1% with B35, 13.3% with B50, 17.7% for B75, and 20.4% with B100.The SFC values are shown in As seen in Figure 2 (a), the lowest specific consumption was obtained when the diesel with the lowest value was used, and the highest specific consumption was obtained with B100. The SFC values of the fuels increase proportionally with increasing biodiesel amount in mixtures. This increase is thought to be related to the low thermal vale and the high viscosity and density of biodiesel. As seen on Figure 2 (a), even though the biodiesel and diesel were tested under the same load, and produced the same power, the SFC of biodiesel as higher than that of diesel. This was thought to be due to three reasons. First, the amount of biodiesel sent off the injection pump increases due to higher density. In other words, it is inevitable to come up with a high SFC value for high density fuels. The second reason is the viscosity difference between the fuels. When high viscosity fuels are sent to the combustion chamber from the same injection nozzle, they end up having bigger particles. Another factor that affects the SFC is the thermal value of the fuel. As every sample was tested under the same loading conditions, the same energy is expected to be obtained at the end of combustion. In order to obtain the same amount of thermal energy, a larger amount of biodiesel needs to be sent to the combustion chamber. As a result, the density, viscosity and thermal values of the injected fuel affects the SFC [6] .The SFC of B50 was compared to the SFC values of fuels with additives. When the SFC values of the fuels with additives were compared with B50 fuel, a decrease of 1% was observed in B50+20Mnμmol/lt+PG fuel, 3% decrease was seen in B50+40Mnμmol/lt+PG, and 3.05% decrease in B50+60Mnμmol/lt+PG was observed. The SFC values are shown in Figure 2 (b).The effect of the additives on the declining SFC can be seen on Figure  2 (b). It is thought that the additives improve the cetane number, viscosity, density and the flash point, and they also have a catalyzing role in combustion, which is thought to decrease the SFC value. In addition, when the Mn additive amount increased in B50, a further decline in SFC was observed, whichcan be seen in Figure 2 (b). It was pointed out that adding metal based additives to fuel improves the cetane number, viscosity and flash point. However, it was also pointed out that there was an optimal amount of additives, and when this amount was exceeded, the cetane number, density, viscosity and flash point was negatively affected [7] . 20, 40, 60 μmol/lt of Mn was added to the B50 fuel, which was produced in Grape Seed Oil Methyl Ester (GSOME). Figure 2(b) shows that the best performance was given in the 40 μmol/ltMn that was added.Thermal efficiency is calculated via the following formula using the specific fuel consumption and lower heating value.
Where ɳ isthermal efficiency (%), b e is specific fuel consumption (kg/kWh) and Hu islower heating value (kj/kg).In internally combustible engines, the heat energy produced as a result of the burning of fuel inside the burning chamber is transformed into mechanical energy. Effective efficiency gives information as to what portion of the heat energy was transformed into useful work. The effective efficiency values for all fuels under all load conditions were calculated and given in Figure 3 The thermal efficiency value of biodiesel was compared with that of diesel. When biodiesel was compared with diesel, it was seen that there was a decrease of 0.4% with B20 fuel, 3.7 % with B35, 6.6% with B50, 9.8% for B75, and 12.4% with B100. It is observed in Figure 3 (a) that the effective efficiency in biodiesel usage is lower in comparison with the ratio in diesel fuel usage. The highest efficiency was obtained with diesel fuel whereas the lowest efficiency was determined with B100 fuel. The low value of effective efficiency in the motor during biodiesel usage leads us to think that this is due to the high viscosity value of biodiesel fuel and its low heating value. Bad atomization and low heating value in biodiesel usage due to high viscosity resulted in a low brake effective efficiency in comparison with that of diesel fuel [8] .The thermal efficiency of B50 was compared to the thermal efficiency values of fuels with additives. When the thermal efficiency values of the fuels with additives were compared with B50 fuel, an increase of 2.1% was observed in B50+20Mnμmol/lt+PG fuel, 3.05% increase was seen in B50+40Mnμmol/lt+PG, and 2.05% increase in B50+60Mnμmol/lt+PG was observed. The effective efficiency values for all fuels under all load conditions were calculated and given in Figure 3(b) .It is seen in Figure 3 (b) that the addition of additives to B50 fuel has increased effective efficiency. It is thought that the addition of additives to the fuel have positive contributions to properties such as cetane number, viscosity and flash point [9] . However, it has also been stated that there is an optimum value for the addition of metal based additives to the fuel and that the properties such as cetane number, density, viscosity and flash point will be affected negatively when this value is exceeded [9] .Mndosings of 20, 40 and 60 μmol/lt have been made to B50 fuel prepared from GSOME. It is observed from Figure 3 (b) that the best effective efficiency increase among the aforementioned scales is for Mn usage at 40 μmol/lt scale. It is thought that heating value and viscosity problems in biodiesel fuels may increase friction losses in the motor and also increase the effective efficiency in biodiesels due to the solution of heat transfer losses [4] . The CO emissions of biodiesels were compared with diesel. When biodiesel was compared to diesel in terms of CO, a decrease of 33.1% was observed in B20, 34% decrease was observed in B35, 35% decrease was observed in B50, 45% decrease was observed in B75 and 51.1% decrease was observed in B100.The CO emissions for all fuels under all load conditions were calculated and given in Figure 4 Figure 4(a) shows that the CO emission increases in parallel to increasing load. The increase in CO emission with increase in load was related to the increase in fuel consumption. Figure 4 (a) also shows that the CO emissions of biodiesel are less than that of diesel fuel. The cetane count of biodiesel is high, and the chemical structure contains oxygen; these factors are thought to affect the decrease in CO emissions. Oxygen content in biodiesel contributes to better oxidation processes within the combustion chamber. This reduces CO emission and promotes higher NO x emission. The advanced start of injection, caused by biodiesel usage, also contributes to a higher production of NO x emissions [4] . At 20% load, the CO emissions of the test fuels were similar values, but when the load went up to 40%, 60% and 80%, significant differences in CO emissions could be observed, as seen in Figure 4(a) . With the increase in biodiesel amount in diesel fuel, the cetane count and oxygen content increases, and this causes different amounts of CO emission. It is thought that with better properties for combustion performance will decrease CO emissions.The CO emissions of B50 fuel were compared to that of B50+20Mn+PG, B50+40Mn+PG and B50+60Mn+PG fuel. When the fuels are compared to the CO emission of B50,9.9% decrease in B50+20Mn+PG fuel, 20.1% decrease was observed in B50+40Mn+PG, and a 30.4% decrease was observed in B50+60Mn+PG.The CO emissions for all fuels under all load conditions were calculated and given in Figure 4(b) .The emission values of fuels with additives have lower CO emission than B50, as seen on Figure 4(b) . The additives improve the cetane count, the flash point, viscosity and density, which improves the combustion yielding better results in comparison with those of B50 [9] . As seen in Figure  4 (b), with increasing Mn content, the o emissions have decreased. Mn based additives improve the properties that affect combustion performance [4] . It is thought that improved combustion performance gives time for CO to convert to CO 2 . The most important factor in the production of HC emissions is the gases that remain from the previous cycle. The remaining gases in the combustion chamber are mixed with compressed air. This decreases the oxygen content of the new air-fuel mixture, which causes the HC emissions [9] .The HC emissions of biodiesels were compared with diesel. When biodiesel was compared to diesel in terms of HC, a decrease of 40.5% was observed in B20, 50.6% decrease was observed in B35, 55.3% decrease was observed in B50, 60.5% decrease was observed in B75 and 74.9% decrease was observed in B100.The HC emissions for all fuels under all load conditions were calculated and given in Figure 5 The decrease in HC emissions with the use of biodiesel is shown in Figure 5 (a). This decrease is thought to be related to the oxygen content in biodiesel. The oxygen content in biodiesel is thought to support the combustion reaction, thus decreasing the HC emissions. The fact that every sample has varying amount of oxygen and the increase in cetane count in correspondence to the increasing biodiesel amount can be shown as the reason for this difference. With the increase in load, all of the fuels showed an increase in CO emission. This could be explained with the increase of the load causing a parallel increase in the fuel consumption. The oxygen content in biodiesel decreases the CO, HC and smoke emissions, because with the oxygen content, complete combustion takes place, and this contributes to decreasing HC emissions. In addition, the cetane count, boiling point, sulfur anaromatic content also have an effect in the HC, CO and smoke emissions.The HC emissions of B50 fuel were compared to that of B50+20Mn+PG, B50+40Mn+PG and B50+60Mn+PG fuel. When the fuels are compared to the HC emission of B50, 6.25 % decrease in B50+20Mn+PG fuel, 10% decrease was observed in B50+40Mn+PG, and a 15% decrease was observed in B50+60Mn+PG.The HC emissions for all fuels under all load conditions were calculated and given in Figure 5(b) .When additives are present in the fuel, the HC emissions decrease in comparison with B50, as seen in Figure 5 (b). It is considered that the additives increase the cetane count and oxygen content, and contributes to improving combustion performance. The high oxygen content of propylene glycol and dodecanol's oxygen content and the effect of Mn on cetane count is considered to be the contributors. If the cylinder is working with a slow cycle, the combustion performance will be low, because the temperature in slower cycles is not optimal which causes a poor combustion reaction [9] . The smoke emissions of biodiesels were compared with diesel. When biodiesel was compared to diesel in terms of smoke emissions, a decrease of 25% was observed in B20, 29% decrease was observed in B35, 35.2% decrease was observed in B50, 49% decrease was observed in B75 and 61% decrease was observed in B100. The smoke emissions for all fuels under all load conditions were calculated and given in Fig. 6(a) . The reason that smoke emissions are lower when biodiesel is used could be explained by the oxygen content. Also, biodiesel has lower carbon count compared to diesel, which increases oxidation during combustion, that decreases smoke emission as a result. The decrease in smoke emissions with increasing biodiesel amount can be seen in Figure  6 (a).It is stated that the oxygen content of biodiesel causes a significant decrease in smoke emissions [4] . It is also stated that the lowered carbon content affects this situation. Oxygen containing fuels increase the temperature of the cylinder. This increase affects the combustion yield positively by preventing regional temperature difference. Changes in regional temperature and oxygen concentration distribution are considered to be the main reasons in soot formation [4] . The smoke emissions of B50 fuel were compared to those of B50+20Mn+PG, B50+40Mn+PG and B50+60Mn+PG fuel. When fuels are compared to the smoke emission of B50, 25.8% decrease in B50+20Mn+PG fuel, 33.7% decrease was observed in B50+40Mn+PG, and a 38.1% decrease was observed in B50+60Mn+PG. The smoke emissions for all fuels under all load conditions were calculated and given in Fig.6(b) .As seen in Figure 6(b) , with the addition of additives, the smoke emissions decrease. The oxygen content of the additives is more than that of biodiesel. Supporting B50 with Mn, propylene glycol, and dodecanol decreases the carbon content and increases the oxygen content. It is considered that the increasing oxygen content speeds up the oxidation reaction and decreases smoke emissions [10] . Also, the additives give stability to the combustion reaction, which prevents turbulent mixing zones in the flame and smoke emissions.Some of the heat energy gained by the combustion of fuel in the cylinder is lost to cooling, exhaust and friction. The remaining heat energy is converted to mechanical energy to provide power to the engine.
Conclusions
In this study, methyl ester was produced from waste grape pulp sources. The produced methyl ester was mixed with diesel in B20, B35, B50, B75 and B100 proportions, and was tested for engine performance and emission.Based on the obtained results, the following conclusions can be drawn:  The engine performance run by grape seed methyl ester and its blends are comparable with the performance run by pure diesel fuel.  When the aforementioned fuel samples were compared to diesel fuel, it was found that with increasing biodiesel content, the specific fuel consumption and exhaust temperature have increased partially, while the CO, HC and smoke emissions decreased significantly.  Additionally, in the scope of this study, dodecanol, propylene glycol and Mn based additives were added to fuel B50 to improve the emission and engine performance values. With the presence of additives, an increase in the exhaust temperature was observed, while a decrease in the specific fuel consumption, CO, HC, and smoke emissions were detected.
